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We report the first comprehensive high-resolution angle-resolved photoemission measurements on 
CeFeAsO, a parent compound of FeAs— based high temperature superconductors with a mangetic/ 
structural transition at ~150 K. In the magnetic ordering state, four hole-hke Fermi surface sheets 
are observed near r(0,0) and the Fermi surface near M(±7r,±7r) shows a tiny electron-hke pocket at 
M surrounded by four strong spots. The unusual Fermi surface topology deviates strongly from the 
band structure calculations. The electronic signature of the magnetic/structural transition shows 
up in the dramatic change of the quasiparticle scattering rate. A dispersion kink at ~25 meV is for 
the first time observed in the parent compound of Fe-based superconductors. 

PACS numbers: 74.70.-b, 74.25. Jb, 79.60.-i, 71.20.-b 



The recent discovery of Fe-based superconductors [I]- 
[S] has attracted much attention because it represents 
the second class of high-Tc superconductors after the 
first discovery of high-Tc copper-oxide superconductors. 
The parent compound is antiferromagnetic[6l |7j; super- 
conductivity is realized by suppressing the magnetic or- 
dering through chemical doping [TH5] or applying high 
pressure |5]. Understanding the nature and origin of the 
magnetic ordering is thus crucial in understanding the 
interplay between magnetism and superconductivity in 
the Fe-based superconductors. Among various Fe-based 
famihes[TH5], the LnFeAsO system (so-called 1111-type 
with Ln representing rare earth elements) is particu- 
larly interesting because of its highest Tc (~55 K)[5] 
which remains the only family with Tc above 40 K so 
far. Despite being the first Fe-based superconductors 
discovered [T], the 1111-type compounds have not been 
studied extensively due to the difficulty in obtaining high 
quality and sizable single crystal samples. While a num- 
ber of angle-resolved photoemission (ARPES) measure- 
ments have been performed on the (Ba,Sr)Fe2As2 parent 
compounds (so-called 122-tvpe)[9Hl5]. very few detailed 
ARPES studies have been carried out on the FeAs-based 
1111-type compounds [ini [T7]. Investigation of the 1111 
family is important not only to understand its unique 
high Tc but also to sort out universal features among 
various families that are generic for high-Tc supercon- 
ductivity in the Fe-based superconductors. 

In this paper we report first comprehensive high resolu- 
tion ARPES measurement on CeFeAsO. Unusual Fermi 
surface topology in the magnetic ordering state is ob- 
served: (1). Four hole- like Fermi surface sheets are ob- 
served near F(0,0) that are different from three sheets 
expected from band structure calculations; (2). The 



^0.7 

s 



a 






' " MS 




FIG. 1: (a). Resistivity— temperature dependence of Ce- 
FeAsO single crystal, (b). Spectral intensity as a function 
of kx and ky integrated over a [-5 meV,5 meV] energy win- 
dow with respect to the Fermi level at 50 K. (c). Fermi surface 
mapping at 180 K on the same sample as (b). The incident 
light polarization is marked as the black arrows, (d). Fermi 
surface mapping at 30 K from another CeFeAsO sample. 



Fermi surface near M(±7r,±7r) is composed of a tiny 
electron-like Fermi pocket at M surrounded by four 
strong spots that is dramatically different from large 
electron-like Fermi surfaces expected from band structure 
calculations. The electronic signature of the magnetic/ 
structural transition shows up in CeFeAsO in the obvious 
change of the quasiparticle scattering rate. For the first 
time we have observed the development and enhance- 
ment of dispersion kink at ~25 meV in the magnetically- 
ordered state. These results will shed key light on un- 
derstanding the magnetism and superconductivity in the 
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FIG. 2: Electronic structure of CeFeAsO near F measured 
at 20 K. (a). Original photoemission image measured on a 
F-M cut as shown in the inset, (b). Second derivative im- 
age obtained from (a) with all Fermi crossings marked, (c). 
Corresponding EDCs with those at marked as thick lines. 

Fe-based superconductors. 

The ARPES measurements were carried out using our 
lab system equipped with Scienta R4000 analyzer and 
VUV5000 UV source which gives a photon energy of He- 
lium I at hv= 21.218 eV[THj. The overall energy resolu- 
tion is 10 meV and the angular resolution is ~0.3 degree. 
The CeFeAsO single crystals with a size of 1~2 mm were 
grown using flux method. The resistivity-temperature 
dependence is nearly identical to that of the polycrys- 
talline CeFeAsO sample with a magnetic/structural 
transition temperature {Tms) at ^ 150 K (Fig. la). The 
crystals were cleaved in situ and measured in vacuum 
with a base pressure better than 5xl0~^^ Torr. 

Figure 1 shows the Fermi surface mapping of CeFeAsO 
covering a multiple Brillouin Zones (BZs). Figs, lb and 
c are original Fermi surface data measured below and 
above Tms~150 K, respectively, while Fig. Id is ob- 
tained by symmetrizing the original data under four-fold 
symmetry measured on another sample. The spectral in- 
tensity in the 2nd BZ is stronger than that of the first one. 
Also the overall spectral distribution lacks strict four-fold 
symmetry around r(0,0) which may be caused by the 
photoemission matrix-element effect. Detailed analysis 
of the electronic structure near F, M3(-7r,-7r), and M2(- 
tTjTt) are shown in Fig. 2, Fig. 3 and Fig. 4, respectively 
(we denote the four M points as Ml, M2, M3 and M4, as 
shown in Figs, lb and c). 

The Fermi surface of CeFeAsO consists of four hole- 
like sheets near F in the magnetic-ordering state (Fig. 
Id). This can be seen clearly from the band structure 
measurement along the F-M cut (Fig. 2a and 2b) where 
four hole-like bands are identified (denoted as a, (3, 7, and 
S in Fig. 2b). The corresponding photoemission spectra 
(energy distribution curves, EDCs, Fig. 2c) indicate that 
these four bands all cross the Fermi level with the Fermi 
momenta (k^) of 0.04 (a), 0.22(^), 0.35 (7), and 0.66 (5) 
in a unit of 7r/a (lattice constant a=3.996 A). The Fermi 



surface volume calculation gives an electron counting of 
2 (a), 1.9 (/3), 1.8 (7) and 1.39 (S). The Fermi velocities 
of these four bands are 0.34(a), 0.30(^), 0.23(7) and 0.46 
((5) in a unit of eV-A. In addition to these four bands, 
there is also a flat band at ^-0.18 eV as seen from the 
EDCs in Fig. 2c. 

The observation of four hole-like Fermi surface sheets 
near F is surprising because only three bands are ex- 
pected from band structure calculations either in non- 
magnetic state 120] or magnetic state [H]. This is different 
from the previous measurement on LaFeAsO where three 
bands are resolved near F with only two of them crossing 
the Fermi level[T7]. It is also different from the 122-type 
parent compound BaFe2As2 where only three bands near 
F are observed below Tms [II]. However, we note that 
the inner three bands of CeFeAsO {a, (3 and 7) show 
strong resemblance to those in BaFe2As2 [2] with even 
similar Fermi momenta and the outer large Fermi sur- 
face {5) is similar to that observed in LaFeAsO [TT] and 
LaFePO|22j. One immediate possibility is whether the 
extra band(s) in CeFeAsO is due to band folding associ- 
ated with the magnetic/structural transition. We believe 
this is unlikely because the folding effect in CeFeAsO is 
weak since there is no similar hole-like bands observed 
near M, as we will see later in Fig. 3 and Fig. 4. In 
particular, the large 5 band can not be due to such a 
folding effect because it is present both below and above 
T^MS (Figs, lb and c). The other possibility is whether 
the extra band is specific for CeFeAsO because of its Ce 
4f electrons. We performed band structure calculations 
and found that for CeFeAsO there appear two extra large 
hole-like Fermi surface sheets near F from the Ce-related 
electronic states. The fact that we see only one [5) and 
its strong similarity to that in LaFeAsO [T7j and even 
LaFePO[22j makes us believe it is more likely a generic 
feature for the 1111-type compounds. The third possibil- 
ity is whether the extra band(s) could be due to surface 
state. Considering the inner three bands are similar in 
CeFeAsO and BaFe2As2 systems, it comes to whether 
the large Fermi surface 5 could be surface state common 
in 1111-type compounds. We note that a simple electron 
counting of the inner three Fermi surface {a, /3 and 7) 
yields a total of 5.7 that is close to the expected value 
of 6, while the electron counting of all four sheets is 7 
which is apparently larger than 6. This seems to suggest 
not all of four Fermi surface sheets are intrinsic that are 
representative of the bulk property. 

The Fermi surface mapping of CeFeAsO near M (Fig. 
1) is characterized as two line patches crossing each other 
at M: one patch is along the F-M direction with strong 
spectral weight in the second BZ, while the other weak 
patch perpendicular to the F-M direction. The two in- 
dependent measurements near M2 and M3 give simi- 
lar results (Fig. Id). Similar cross-shaped pattern can 
also be seen near M in LaFeAsO |17|. To understand 
the formation of these line patches, we carried out de- 
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FIG. 3: Electronic structure of CeFeAsO near M3(-7r,-7r). (a). Spectral intensity as a function of k^, and integrated over 
[-1 meV,l meV](al) and [-21 meV,-19 meV](a2) with respect to the Fermi level measured at 20 K. The strong spot S3 in (al) 
increases in area with increasing binding energy to become hole-like Fermi pocket in (a2). (a3). Schematic drawing of band 
structure around M. For clarity, we show only the r-M3-parallel line patch; the F-MS-perpendicular patch is similar but not 
drawn here. (b). Photoemission images taken along 6 typical momentum cuts with their location shown in (al). Pink lines are 
guides to the eye for the band structure, (c). EDCs near the band top for cuts ^2 (Fig. b2) to #6 (Fig. b6). The EDO for 
the cut #3 is closest to the Fermi level while the others are below the Fermi level, (d). Second derivative image from Fig. 3bl 
for the cut #1. Red dashed curves denote two hole bands (SI and S3) and an electron band at M. (e). Photoemission image 
of the cut #1 at 160 K. (f) and (g) show EDCs of the cut #1 at 20 K and 160 K (corresponding to Fig. 3bl and 3e). (h). 
Temperature dependence of EDCs at S3 and M. 



tailed momentum-dependent measurements for the F-M- 
parallel patch (Fig. 4bl-6 and Fig. 4cl-6) as well as 
for the F-M-perpendicular patch (Fig. 3bl-6). It turns 
out that, in both cases, the band structure along the Hue 
patch shows a series of hole-hke inverse-parabolic bands; 
the line patch in the Fermi surface mapping then corre- 
sponds to the spectral weight from the top of these bands. 
The energy position of the band top shows a maximum 
on each side of M that is closest to the Fermi level, as 
seen from Fig. 3b, Fig. 4b and 4c, and more clearly 
from the EDCs in Fig. 3c. These give rise to four strong 
spots (SI, S2, S3 and S4 in Figs. Ic, 3a and 4a) around 
M. In addition, a careful inspection of bands right near 
the M point suggests the existence of a tiny electron-like 
pocket at M. This can be seen from the momentum cut 
along the r-M3 hue (Fig. 3b 1 and Fig. 3d for the cut #1 
in Fig. 3a). Fig. 3a3 shows a schematic drawing of the 
band structure near M along one line patch. The peculiar 
Fermi surface topology near M deviates significantly from 
the band structure calculations which predict two crossed 
electron-like ellipses [20l El]. It is also distinct from that 
observed in BaFe9As9|14) but bears some resemblance to 



that of optimally-doped (Ban sKn zilFe^ As9 [T ^ [21] . 

The electronic signature of magnetic/structural transi- 
tion in CeFeAsO shows up in the quasiparticle scattering 
rate. This can be seen from the temperature evolution 
of the photoemission spectra at M (EDCs at M3 in Fig. 
3h) and at the strong spot S3 (Fig. 3h and Fig. 4f). The 
EDCs at M3 (Fig. 3h) show a broad peak above Tms 
and evolve into two-peak structure at low temperature 
with sharpening of the peak near the Fermi level. The 
change of EDCs near the strong spot S3 (Fig. 3h and 
Fig. 4f) is more dramatic: it evolves from a broad fea- 
ture above Tms into a sharp quasiparticle peak at low 
temperature in the magnetic ordering state. Our sim- 
ulations indicate that such dramatic sharpening cannot 
be attributed to trivial temperature broadening in terms 
of Fermi distribution. Therefore, this dramatic decrease 
of the quasiparticle scattering rate is a clear signature of 
the magnetic transition. 

As seen in Fig. 4, the energy bands near the strong 
spots (Fig. 4b4-5 near the strong spot S3) show a clear 
kink in the dispersion. Quantitative MDC (momentum 
distribution curve) analysis (Fig. 4g) indicates that the 
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FIG. 4: Electronic structure of CeFeAsO near M2(-7r,7r). (a). Spectral intensity as a function of k^, and ky integrated over 
[-10 meV, 10 meV] energy window with respect to the Fermi level measured at 30 K. (b). Photoemission images at 6 typical 
momentum cuts with their location marked in Fig. 4a. (c). Corresponding second derivative images of Fig. 4b. (d). 
Photoemission images of the cut #4 measured at different temperatures, warming up from 20 K (dl) to 180 K (d5) and then 
cooling back to 20 K (d6). (e). EDCs of the cut #4 at 20 K corresponding to Fig. 4b4. (f). Temperature dependence of the 
EDCs at kF of the cut #4. (g). Quantitative dispersions of the cut #4 at different temperatures extracted by fitting MDCs 
from photoemission images in Fig. 4d. A kink at ~ 25 meV at low temperature is marked by the black arrow. The upper 
left inset shows the energy difference between the measured dispersion at 20 K and a straight line connecting two points on 
dispersion at Ej? and -0.15 eV. The corresponding MDC width at 20 K is shown in the lower right inset. 



kink in dispersions occur at ^25 meV, accompanied by 
a drop in the MDC width (bottom-right inset of Fig. 
4g). The observations clearly indicate the existence of 
an energy scale at 25 meV which are reminiscent of the 
electron coupling with bosonic modes as seen in cuprate 
superconductors [25] . One possibility is that the kink is 
due to electron coupling to phonons. This scenario is 
consistent with the calculation of the Eliashberg func- 
tion Q!^F(w) associated with electron-phonon coupling in 
LaPeAsO that exhibits an obvious peak near 25 meVf26j. 
Raman scattering also shows the existence of a particu- 
lar Big phonon mode at ~25 meV associated with the 
Fe vibrations [37]. We remark that this does not mean 
there are no other modes existing between and 25 meV 
because the manifestation of multiple modes coupling 
may give rise to a similar kink at 25 meV(28]. Although 
electron-phonon coupling provides a likely origin of the 
kink, we cannot fully rule out other possibilities of elec- 
tronic or magnetic origins. A hint of a ~25 meV kink can 
also be seen near F in the P band (Fig. 2b) , but not clear 



in the a band, suggesting its orbital-selective nature. As 
seen in the temperature dependence measurements (Fig. 
4d and 4g), the kink develops below Tms and gets en- 
hanced at low temperatures, which indicates that the 
kink is closed related to the magnetic/structural tran- 
sition. This is distinct from the kink reported in the su- 
perconducting (Bao.6Ko.4)Fe2As2 near the F point which 
is considered to be related to superconductivity [MIIH]. 

In summary, from our comprehensive ARPES mea- 
surements we find that CeFeAsO exhibits unusual elec- 
tronic structure that deviates strongly from the band 
structure calculations. The electronic signature of the 
magnetic/structural transition shows up in the dramatic 
change of the quasiparticle scattering rate. We have 
identified for the first time a dispersion kink in this par- 
ent compound which is closely related to the magnetic/ 
structural transition. These results provide a clear indi- 
cation on the interplay between charge, spin and lattice 
in the FeAs-based parent compounds. These rich infor- 
mation also provide an opportunity to compare and con- 
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trast with other compounds in order to sort out universal 
features responsible for the FeAs-based superconductors. 
To better understand the unusual behaviors of these ma- 
terials, further work needs to be done to well character- 
ize the sample surface, particularly the surface doping or 
surface structure reconstruction. 
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